Citrus leprosis (CL) was first described in South America in the 1920's. It is considered similar to a disease first observed back to 1860 in Florida. It is a destructive disease characterized by localized lesions on the leaves, fruits and stems, which may lead to the death of the affected plant if left untreated. Around 1940, CL was demonstrated to be transmitted by Brevipalpus mites in Argentina. Because little information exists on the status of CL pathosystem in Argentina and Paraguay, a survey was made in several citrus growing areas of these countries from 2009 to 2011, to evaluate its presence and relevance as well as the identification of the virus and the mite vector. CL was found in most of the sweet orange and/or mandarin orchards in Paraguay (Departamentos de Boquerón, Concepción, San Pedro, Cordillera, Alto Paraná, Itapúa) and Argentina (Provincias de Misiones, Corrientes, Entre Ríos). Incidence was usually low. The causal virus was identified as Citrus leprosis virus C (CiLV-C) by RT-PCR, electron microscopy and immunofluorescence. In all the visited regions in Paraguay and the region of Montecarlo, Argentina, the mites collected in plants infected by CiLV-C were identified as B. phoenicis.
INTRODUCTION
CiLV-C is a serious problem for the Brazilian citrus industry, particularly in the state of São Paulo, the world largest orange juice producer. Leprosis is not causing serious losses due to an intense use of chemical acaricides to control the mite vector at a cost of US$ 80 million/ year. This promoted the development of a strong research programs by a consortium of Brazilian and foreign research institutes, with the aim to reduce such a high production cost, which resulted in significant advance on the knowledge of the CL pathosystem Bastianel et al., 2010) .
A destructive disease of sweet orange characterized by bark lesions and spotted fruits, the first observation of which may date back to 1860, was described in Florida, and referred to as "scaly bark" or "nail head rust" (Fawcett, 1911) . According to Knorr & DuCharme (1951) this disease was first observed in Pinellas county in 1860, and it spread to several parts of the state but it has not been registered after 1960's . A similar disease was reported in the 1920's in Argentina and Paraguay, known locally as "lepra explosiva" (Spegazzini, 1920; Zeman, 1932) and in Brazil where it was coined "variola" by Bitancourt (1934) . A comparison of the symptoms led to the conclusion that this citrus disease in Florida and South America was the same and the name leprosis was established (Knorr & DuCharme, 1951) . Frezzi (1940) and Vergani (1945) in Argentina demonstrated that the mite Tenuipalpus pseudocuneatus (= Brevipalpus obovatus Donnadieu) (Acari: Tenuipalpidae) was involved in the dissemination of leprosis. The causal agent of leprosis was controversial, ranging from fungal etiology to reaction to a mite toxin, but gradually, the evidences pointed out that the disease is of viral nature (Knorr, 1968; Kitajima et al., 1972; Colariccio et al., 1995; Rodrigues et al., 2003) . It was also found that leprosis symptoms may be caused by two distinct viruses based on the cytopathic effects Rodrigues et al., 2003) , both transmitted by Brevipalpus mites: the rare nuclear type (Citrus leprosis virus N-CiLV-N), a likely member of the Dichorhabdovirus genus, whose type member is Orchid fleck virus (OFV) (Kondo et al., 2006) ; and the prevalent and more aggressive cytoplasmic type Citrus leprosis virus C (CiLV-C). Its genome was entirely sequenced (Locali-Fabris et al., 2006; Pascon et al., 2006) and it was accepted as the type-member Present status of citrus leprosis in Argentina and Paraguay of the new genus Cilevirus (Locali-Fabris et al., 2006; Carstens, 2010; Locali-Fabris et al., 2012) , resulting in molecular (Locali et al., 2003) and immunochemical tools (Calegario et al., 2013) for CiLV-C detection. Although symptoms in the fruits and barks caused by CiLV-C and CiLV-N are undistinguishable, there is a slight but consistent difference in leaf symptoms: CiLV-N causes smaller lesions with a dark central spot surrounded by a bright yellow halo while lesions caused by CiLV-C may reach larger size and present a light green color commonly with one or more gummy rings (Bastianel et al., 2010) . Analyses made on photographic records and samples of herbarium from sweet orange leaves from Florida strongly suggest that leprosis in that State was caused by CiLV-N (Kitajima et al., 2011a) . So far CiLV-N has been found in some parts of Brazil, north of Panama Bastianel et al., 2010) and recently in Tolimán, state of Querétaro, Mexico (Gabriel Otero-Colina, personal communication). Ultrastructural, molecular and transmission studies suggest that mite vector/virus relationship in CiLV-C pathosystem is of circulative type . All sweet orange (Citrus sinesnsis [L.] Osbeck) varieties are highly susceptible to CiLV-C, while mandarins (C. reticulate Blanco) and grapefruit (C. paradisi Macf.) are moderately susceptible, and lemons (C. limon L.) practically immune (Bastianel et al., 2010) . For a long time CiLV-C was thought to be restricted to Citrus spp., but cases of natural infection of other plant species by CiLV-C were recently observed. In Colombia, Swinglea glutinosa Blanco, a Rutaceae plant commonly used as hedge around sweet orange orchards, was found infected by CiLV-C, showing chlorotic spots (León et al., 2008) . In Brazil, Commelina benghalensis L. plants growing below the canopy of CiLV-C infected sweet orange were infested by B. phoenicis Geijskes and showed necrotic lesions as a consequence of infection by CiLV-C (Nunes et al., 2012a) . On the other hand, experimental infection by mechanical transmission of CiLV-C was obtained in Chenopodium quinoa Willd., C. amaranticolor Coste & Reyn. and Gomphrena globosa L. (Colariccio et al., 1995) . More recently, several plant species were shown to be hosts of CiLV-C after experimental transmission by viruliferous B. phoenicis such as Hibiscus rosa-sinensis L., Malvaviscus arboreus Cav., Grevilea robusta A. Cunn., Bixa orellana L., Arabidopsis thaliana (L.) Heynh., and others Garita-Salazar et al., 2011; Nunes et al., 2012b ). An important finding was that the common bean (Phaseolus vulgaris L.) is an excellent indicator plant for CiLV-C, responding with localized necrotic lesions to mite inoculation, in less than five days (Groot et al., 2006; Tassi et al., 2009) , in contrast to 4-6 weeks in sweet orange.
CiLV-C is formally registered in Bolivia, Colombia and Venezuela besides Argentina, Brazil and Paraguay. In 2000 it was found in Panama (Dominguez et al., 2001 ) and in less than five years reached Southern Mexico (SanchezAnguiano, 2005; Izquierdo et al., 2011) , threatening all the citrus industry of the Caribbean region and the USA.
In Paraguay, sweet orange plants are cultivated usually in small farms, in the Departament of Itapúa, Alto Paraná, Cordillera and Boquerón, totaling ca. 12,000 ha ( Figure 1 ). The production is entirely intended to the internal market either as fresh fruit or for processed juice production. Most orchards belong to small farmers, but there are two large enterprises, respectively Frutika, at Kressburgo, Dept. Itapúa and Estancia Estrella, at Mbaracayú, Dept. of Alto Paraná.
The first reference to leprosis in South America was made by Spegazzini (1920) in a publication about citrus diseases referring to the disease as "lepra explosiva" in the surroundings of Asunción, the capital city. According to Bitancourt (1955) it is possible that the symptoms described by Spagazzini (1920) , large bark lesions without quoting leaf or fruit lesions, better apply to psorosis. However, further surveys, made by Fawcett & Bitancourt in 1937 (1940 at Asunción and suburbs as Trinidad and San Lorenzo, confirmed the presence of leprosis in Paraguay, and reported that it appeared to be more serious than in the USA or Brazil. Gonzáles-Segnana et al. (1997) surveyed most of the citrus growing areas in the mid 1990's to evaluate the distribution of Citrus tristeza virus (CTV) in Paraguay and observed that leprosis was present in most of the inspected sweet orange orchards. Until recently few actions have been made to control CL because of the limited economical importance of sweet oranges in the country. However, the growth of the internal consumption and demands of the international market may result in a significant increase in the planted area, since soil, topography and climatic condition permit citrus production throughout the country. Under such situation, control of CL may become an important issue.
Argentine citrus output (yield of 2,559,418 ton from 134,800 ha in 2010) is the 7th in the world after China, Brazil, USA, Mexico, Spain and Italy. There are two main production areas: the northwest, which grows lemons, and the northeast, with mandarins, grapefruits and sweet oranges (see Figure 2 A ). In 2010, the northeast region (provinces of Misiones, Corrientes, Entre Ríos and north of Buenos Aires) produced 1,094,748 t, occupying 75,535 ha, 42.77% of the total yield and 56% of the citrus planted area in Argentina (Federcitrus, 2011) . Leprosis was probably first described in Argentina by Zeman (1932) who reported some foci in the province of Corrientes (1921 ), Entre Ríos (1922 , and also in the islands of the Delta (1925) . He associated correctly bark symptoms to the leaf and fruit lesions. Later the disease was found in other provinces as Misiones, Chaco, Formosa and Santa Fe. Survey made in 1937 by Fawcett and Bitancourt (Fawcett, 1937; Fawcett and Bitancourt, 1940) , found leprosis in the provinces of Misiones and Corrientes, but not to the South of Monte Caseros, including Uruguay. Pioneer works on leprosis in Argentina started at the Laboratorio de Fitopatología at Bella Vista. Frezzi (1940) found that affected plants once pruned and sprayed with sulphur recovered well, and did not succeed in transmitting S. Cáceres et al. the disease by grafting, suggesting that the symptoms could result from toxins injected by the mites. Vergani (1945) at Concordia reproduced the results of Frezzi and could not transmit the disease by mechanical inoculation endorsing the toxaemia theory of Frezzi as did Marchionato (1950) later.
Currently CL is present in Misiones affecting sweet orange and in few mandarins orchards, but because only a few orange plants is grown, the disease is not important in this region (Olga de Coll, unpublished results). On the other hand, in the province of Corrientes, the main growing area of sweet orange (Bella Vista, Saladas, Concepción and Monte Caseros), leprosis is endemic and causes concern. CL is also present in Entre Ríos (Chajarí and Concordia) affecting sweet oranges. Management of CL based on eradication or pruning of the affected trees followed by spraying of chemical acaricides has been effective as proposed by the Instituto Nacional de Tecnología Agropecuaria (INTA). Curiously, no official report of CL in Uruguay exists, although only the river Uruguay separates the leprosis affected orchards in the province of Entre Ríos and the citrus production area at Salto, Uruguay. The vector, Brevipalpus mites, has been detected throughout the citrus growing areas but CL is not present in the northest region of Argentina, and in the region of San Pedro, North of Buenos Aires (García, 1996; Vaccaro & Mousqués, 1996; Segade & Mitidieri, personal communication) .
Because the province of Corrientes is the most important sweet orange producer in Argentina, CL is a major concern and additional details are given in Cáceres & Aguirre (2009) . Most (72%) of the sweet orange produced in the province are of late-season type, mainly Valencia; 22% are early-season varieties (Hamlin, Westin, Navel, etc.), and 6%, mid-season varieties (Criolla and Salustiana). CL has been registered on Valencia, Valencia Seedless, Hamlin, Bahianinha, Lane Late, Newhall, Navelate, Navelina, Domasia, Alargada, Pixie and also in mandarins and hybrids (Clemenules, Ortanique, Namco). Complete CL symptoms (leaves, fruits and stems) are observed in Valencia and Hamlin sweet oranges while in mandarins, symptoms are mainly on the leaves, rarely on the fruits (Cáceres & Aguirre, 2009) . Similar observation was made by Bastianel et al. (2008) , when assessing the response of mandarins and hybrids to leprosis in Brazil. Symptoms on mandarins at Corrientes seem to be milder than those observed at the province of Misiones. Lack of appropriate management, due to economical or climatic factors, results in the intensification of CL. Noticeable leprosis symptoms start in the fall and continue throughout the winter. Percentage of fruits infested by Brevipalpus mites, either with or without leprosis symptoms was about the same (5.5%) in July, 1990 (Cáceres & Aguirre, 2009) .
Information on the situation of leprosis in Argentina and Paraguay remained fragmentary since its original discovery. To better understand the situation of the leprosis in these countries, a joint survey was organized involving Argentine and Paraguayan researchers with the participation of specialists from Brazil, from 2009 to 2012. This article reports the results of these surveys updating the status of leprosis in Paraguay and Argentina.
MATERIAL AND METHODS
Seven field trips were made in these four years, covering nine citrus growing areas in Paraguay and eight in Argentina, From all visited places (Table 1; Figures 1, 2) , whenever plants exhibiting leprosis symptoms were found, samples were collected (leaves, twigs and fruits, when present) from five or six plants, considered representative of different parts of the orchard. Samples were processed in Paraguay at the laboratory of the Departamento de Biología, Facultad de Ciencias Agrarias, Universidad Nacional de Asunción, San Lorenzo. Samples collected in Argentina were processed at the laboratory of the Estación Experimental Agropecuaria de Bella Vista (EEA INTA Bella Vista) or de Concordia (EEA INTA Concordia). The processing included selection of leaves with symptoms and separation of Brevipalpus mites. Small pieces of the lesions were fixed in a buffered mixture of glutaraldehyde and paraformaldehyde and taken to the Núcleo de Microscopia Eletrônica (NAP/MEPA) at the Escola Superior de Agricultura Luiz de Queiroz, of the Universidade de São Paulo.
Samples were fixed only with aldehyde, dehydrated in ethanol and embedded in acrylic LRWhite resins for immunofluorescence (Maunsbach & Afzelius, 1999) . Semi-thin sections (1-1.5 µm) were treated successively with bovine serum albumin blocking solution, anti-p29 (putative nucleocapsidal protein) of CiLV-C (Calegario et al., 2013) , anti-rabbit IgG conjugated with fluorescein, and examined with a Zeiss Axioskop light microscope equipped with UV illumination (Kikkert et al., 1997) . Some leaves with symptoms were dried and used for RT-PCR assays, using primers specific for CiLV-C (Locali et al., 2003) to confirm the presence of CiLV-C at the Centro APTA Citros Sylvio Moreira, Cordeirópolis, SP, Brazil. Collected mites were fixed in 70% ethanol and processed for light (LM) and scanning electron microscopic (SEM) examinations, which were made respectively at the Acarology laboratory and NAP/MEPA at ESALQ/USP. For LM, mites were mounted on Hoyer's medium while for SEM, mites were dehydrated and mounted on double coated carbon tape placed on top of aluminum stubs and examined in a LEO 435VP scanning electron microscope.
RESULTS AND DISCUSSION

Surveys in Paraguay
Departamento de Boquerón: The visited orchards were located in the municipalities of Filadelfia and Neuland (Figure 1, points 1 & 2) , a region which is known as Chaco.
It is a dry region with average 400 mm of rain/year. Citrus plants were introduced from Texas at the beginning of the colonization and few introductions were made thereafter. Cultivated citrus plants are mandarin, grapefruit, lemon, Mexican lime, sour and sweet orange mostly in small scale, in backyards. Sweet oranges were usually ungrafted and of unknown varieties. Most of the area in that region is dominated by pastures and isolated from other citrus TABLE 1 -Localities in Paraguay and Argentina where citrus leprosis symptoms were detected on citrus (sweet orange, mandarin) and the results of detection assays for CiLV-C (RT-PCR, transmission electron microscopy-TEM) on collected samples and identification of sampled Brevipalpus mites *Identification made by light and scanning electron microscopy.at ESALQ/USP, Piracicaba, SP, Brazil ** RT-PCR assays carried out on dried leaves at Centro APTA Citros, Cordeiropolis, SP, Brazil. *** Transmission electron microscopy made on leaf tissues where samples were collected. They were processed and examined at ESALQ/USP. The numbers refers to the positive cases of detection of CiLV-C in the total of examined samples. growing areas by more than 300 km. A survey on the occurrence of Citrus tristeza virus (CTV) in Paraguay (Gonzáles-Segnana et al., 1997) revealed that this is the only region in Paraguay where CTV is absent, possibly due to unfavorable conditions for the aphid vector Toxoptera citricida Kirk., the distance from other citrus growing areas and lack of introduction of citrus plants from other regions. However, leprosis was endemic in all the sweet oranges found ( Figure 3A) and Brevipalpus mites were present in these trees.
Departamento de Concepción:
Citrus is a marginal crop in this Departamento, thus inspections were made on citrus orchards belonging to two Escuelas Agrícolas (secondary degree school devoted to prepare technicians for agribusiness): one private, at Belén (Figure 1,  point 4) , near the capital city of Concepción, sustained by an international organization (Aldea SOS). Small plantations of sweet orange (Valencia) were found with low incidence of leprosis symptoms (leaves, fruits and stems). The other, federal, at Concepción (Figure 1 , point 3) also had small collection of different citrus types including sweet orange. In the latter, a low incidence of leprosis symptoms was noticed. Brevipalpus mites were present and collected.
Departamento de San Pedro:
Here there are also few commercial orchards, and the only one visited was an experimental collection of citrus types at the Estación Experimental de Choré (Figure 1, point 5 ). There were few S. Cáceres et al. sweet orange plants and all of them had leprosis symptoms. No samples was collected. Fawcett and Bitancourt (1940) , during their trip to Paraguay in 1937, only visited orchards in Asunción and suburbs, where they described many citrus diseases including leprosis. Now, practically there are no commercial orchards at Distrito Capital due to the intense urbanization and the only organized plantation of citrus is an experimental collection kept at the Facultad de Ciencias Agrarias, Universidad Nacional de Asunción, at San Lorenzo (Figure 1, point 7) , by one of the authors (LGS), where no leprosis is present.
Distrito Capital (Asunción and surroundings):
Departamento de Cordillera: Just south to Asunción, this region has little activity on citrus growing. Inspections were made on a small citrus collection at the Instituto Agronómico Nacional (IAN) at Caacupé (Figure 1, point 6 ). There were few citrus varieties, among them 'Valencia' sweet orange, which showed leaf and stem lesions of leprosis. Also in a small commercial plantation of 'Valencia' sweet orange, next to IAN few plants with symptoms of leprosis were found. No mites were collected. (Figure 1, point 8) has the second largest citrus plantation (300 ha) of Paraguay, managed by the company Estancia Estrella. Sweet orange, lemons, mandarins and grapefruits are grown. Low incidence of leprosis was observed on some parcels of sweet orange ('Valencia', 'Salustiana', 'Folha Murcha') ( Figure 3B ). No mites were collected.
Departamento de Alto Paraná: Mbaracayú
Departamento de Itapuá:
This is the main citrus growing area in Paraguay. Frutika (Kimex Group), is established at Kressburgo (District of Carlos Antonio López) (Figure 1, point 9) . It is the largest citrus grower in Paraguay (ca. 1,800 ha), producing several citrus types including sweet orange, for fresh internal market (70%) and juice (30%) for export. The company keeps a strict management for several diseases and pests, including leprosis. It also receives the production of small growers nearby. Only recently Frutika experienced the presence of leprosis in some parcels, probably introduced through contaminated fruits of the suppliers, but it is now under control. Only few leprosisinfected plants were observed in an abandoned orchard of 'Valencia' sweet orange. Two more locations were inspected in this Departamento: Escuela Agrícola, Federal, at Carlos Antonio López (Figure 1, point 10) , a collection of several citrus types is maintained for teaching purposes, including some sweet orange-'Valencia' and 'Criolla', a local variety. Few plants in both orchards were found showing leprosis symptoms, on the leaves, fruits and stems ( Figure 3C ). In Major Otaño (Figure 1, point 11) , two small private 'Valencia' sweet orange orchards were visited, and in both a low incidence of leprosis was observed. Brevipalpus mites were found infesting the leprosis-affected sweet orange plants, and sampled for further exams.
Surveys in Argentina
Provincia de Misiones: There are many small citrus growers, producing mostly mandarins, in this region Inspections were made on the experimental field of the Estación Experimental Agropecuaria (EEA) de Montecarlo, INTA ( Figure 2B, point 1) . Leprosis symptoms were observed on few 'Clemenules' mandarins and 'Valencia' sweet oranges. Inspection of two commercial orchards at Colonia Luján ( Figure 1D ), South to Montecarlo ( Figure 2B, point 2) gave similar results. In another private orchard, leprosis symptoms were found on 'Folha murcha' sweet orange. A small commercial plantation of 'Valencia' sweet orange, in a private orchard at the municipality of Ruiz de Montoya ( Figure 2B, point 3) , had a light incidence of leprosis. Similar observation was made in another abandoned orchard of 'Valencia' sweet orange. In the backyard of the Hotel Helvecia at Montecarlo, there were few seedlings of sweet orange of unknown variety, which showed leprosis symptoms. From all the plants showing leprosis symptoms, Brevipalpus mites were sampled.
Provincia de Corrientes:
Several medium sized (5-6 ha) commercial orchards of sweet orange, mostly cv. 'Valencia', were visited at Colonia 3 de Abril ( Figure 2C, point 4) , about 15 km north of Bella Vista, and in all of them leprosis was present on sweet oranges with low incidence. At the EEA Bella Vista (EEABV) ( Figure 2C, point 5) , most of the experimental citrus orchards are chemically treated and leprosis-free, but some parcels of cvs. 'Hamlin' and 'Valencia' were left untreated for experimental purposes. Leprosis was present there and it was severe, provoking intense leaf and fruit drop. In the District of Santa Rosa, a visit was made to the Finca Santa Rosalía. Here a Valencia orchard completely recovered from a severe attack of leprosis after a management combining intense pruning and application of chemical acaricide were made, following instructions made by INTA. However, in a small plot of sweet orange cv. 'New Hall', leprosis was still present ( Figure 3E ). Monte Caseros is the southmost region of this province ( Figure 2D, point 6) , where two orchards of sweet orange were visited. One was leprosis-free, after proper management involving pruning and acaricide spraying. In the other, there was a focus which was already spreading, with plants showing symptoms on the leaves, fruits and stems ( Figure 3F ). Brevipalpus mites were present in all the plants showing leprosis symptoms and collected. In the EEABV, Brevipalpus mites were also collected from mandarin 'Nova' and Rhododendron sp.
Provincia de Entre Ríos:
Two private sweet orange groves at the Colonia Villa Libertad, about 10 Km South of the city of Chajarí were assessed ( Figure 2D, point 7) . In the first one, mostly of 'Valencia', incidence of leprosis was widespread though of low severity. In the second one, most of 'Valencia', and to a lesser extend, cv. 'Salustiana', trees S. Cáceres et al. were affected by leprosis. Finally, in the experimental fields of EEA Concordia ( Figure 2D, point 8) , leprosis was found widespread in an untreated experimental plot of seedlings of cvs. 'Común' and 'Pineapple'. Brevipalpus mites were sampled from these sweet orange plants. Although it is not possible to preclude completely the presence of the nuclear type of leprosis virus (CiLV-N), it probably does not occur in regions surveyed in this work both in Paraguay and Argentina. Characteristic leaf symptoms caused by CiLV-N (small lesions with bright yellow halos) were not observed. Short rodlike particles and the nuclear viroplasm, typical cytopathic effect of infection by CiLV-N, were not present in none of the examined tissue samples.
Symptoms of leprosis on the leaves, fruits and stems found in all localities visited, both in Paraguay and Argentina in sweet oranges and mandarins, were essentially similar and characteristic of leprosis, caused by CiLV-C Bastianel et al., 2010) .
Most of the leaf samples with leprosis symptoms collected in Paraguay and Argentina from the inspected areas were positive for CiLV-C in RT-PCR and transmission electron (TEM) and immunofluorescence (IF) microscopy diagnosis (Figures 4, 5 ; Table 1 ). RT-PCR using specific primers for a region within the movement protein gene of CiLV-C produced the bands of the expected size (344 bp) after agarose gel electrophoresis (Figure 6 ). Some of the amplified fragments were sequenced ('Valencia' sweet orange samples from Chajari, Argentina, GenBank access number JX163907, and from Mbaracayú, Paraguay, JX163908). They were essentially similar, respectively 99% and 98% for Paraguayan and Argentinian samples, to those of corresponding fragment of the type isolate of the CiLV-C. In most cases, the characteristic electron dense viroplasm was observed in the cytoplasm of palisade and/or spongy parenchyma cells, and occasionally in epidermal cells, but not in the cells of the vascular bundle, as previously reported (Colariccio et al., 1995; Rodrigues et al., 2003; Bastianel et al., 2010) (Figure 4 ). Viral particles were rarely seen, but when present they had round to bacilliform profile and always present in cisternae of the endoplasmic reticulum. Immunofluorescence consistently detected viroplasms in the cytoplasm of either palisade or spongy parenchyma, but not in the vascular region in some selected samples from Paraguay (Filadelphia) and Argentina (Bella Vista) ( Figure  5 A and B) . Most, but not all the tested samples were positive for the presence of the virus when tested by RT-PCR (Table  1) . The negative cases were probably due to the condition of inadequate preservation of the samples. Roy et al. (2012) reported that some citrus samples from Colombia, with leprosis symptoms, were neither amplified with primers for CiLV-C nor were recognized by anti CiLV-C p29 protein antiserum. Further assays revealed that a virus structurally similar to CiLV-C was present with less than 70% nucleotide identity, which may represent a distinct virus causing symptoms similar to those by CiLV-C. This possibility may occur also in other places where plants with leprosis symptoms are present, including Paraguay and Argentina and should be considered in further surveys, especially in those which were negative for RT-PCR or immune assays. Detection of CiLV-C by TEM is known not to be reliable, because the distribution of virions or viroplasm is uneven in mature lesions, even in RT-PCR positive samples (Locali et al., 2003) . This may explain the negative cases for detection of characteristic cytopathic effect of CiLV-C. However, in several of these negative cases, hypertrophy of some spongy parenchyma cells, a characteristic alteration in the lesions caused by CiLV-C (Marques et al., 2007) was evident and may be considered an indication for their infection by CiLV-C. In this sense, immunfluorescence ( Figure 5 ) was superior to detect viroplasms, since it explores a larger area of thicker sections, which improves significantly the chances of detecting CiLV-C infected cells. All the mites S. Cáceres et al. collected in Paraguay (Dept. Boquerón, Dept. Itapúa) were identified as belonging to the species B. phoenicis based on the number of dorso-lateral setae and solenidia on the tarsus of the second leg . Those collected at Provincia de Misiones in Argentina, were also B. phoenicis. However, mites collected from sweet orange with leprosis symptoms in the Province of Corrientes and at Concordia were a mixture of B. phoenicis and B. obovatus and a third type, coined "asymmetric", because the number of solenidia on the tarsus of the second leg was one in one leg and two in the other (Kitajima et al., 2011b) . It should be stressed that so far B. phoenicis has been the mite vector present in most of the sites where leprosis occurs throughout the Americas (Bastinael et al., 2010) as originally found in Brazil by Musumeci & Rossetti (1963) . The first description of Brevipalpus associated with leprosis was made in Argentina, by Frezzi (1940) and Vergani (1945) , respectively in Bella Vista and Concordia, and the species was then identified as B. obovatus. Thus, there was a special interest in identifying the Brevipalpus species present in plants affected by leprosis in these sites to verify if this remained as the only species vectoring leprosis presently. Attention was given to the solenidia of the tarsus of the second leg because it serves to differentiate B. phoenicis and B. obovatus. The former has two solenidia, while the latter, only one, both having five dorsolateral setae in the opistosome (Wellbourn et al., 2003) . The significance of this asymmetric type is still unknown and this finding is reported in detail elsewhere (Kitajima et al., 2011b) . Apparently the mixture of the types occurred only on sweet orange with leprosis symptoms. Mites collected at EEABV on 'Nova' mandarin and Rhododendron sp., located less than 100 m from leprotic sweet oranges, were B. phoenicis. Thus the identity of the vector of CiLV-C in Bella Vista and Concordia is not clear yet. Further studies, analyzing isolines of these mites collected from sweet orange at EEABV is in course to understand this "asymmetry" and also to verify if only one or all the three types transmit CiLV-C. Recent works using an integrative approach, combining morphological, molecular and behavioral information (Navia et al., 2013) may help explain this peculiar situation
The survey confirmed that leprosis is endemic both in Paraguay and Argentina, but presently due to the relatively small size of the orange groves, and the actions taken by some growers, the disease is not causing severe losses. However, the foci exist and may represent a threat to future attempts at scaling up sweet orange, grapefruit or mandarin cultivation. The TEM and RT-PCR assays clearly indicated that CiLV-C is the dominant virus causing leprosis in Paraguay and Argentina, although possible presences of CiLV-C like, but distinct virus (Roy et al., 2013) and CiLV-N cannot be precluded, as it was recently found in Querétaro, Mexico (Gabriel Otero-Colina, personal communication) .
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